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Abstract 
 
 Raman spectroscopy complimented with infrared spectroscopy has been used 
to study the uranyl carbonate mineral voglite.  The mineral has the formula 
Ca2Cu2+[(UO2)(CO3)3](CO3).6H2O and bands attributed to these vibrating units are 
readily identified in the Raman spectrum. Symmetric stretching modes at 836 and 
1094 cm-1 are assigned to ν1 (UO2)2+, and ν1 (CO3)2- units. The ν3 antisymmetric 
stretching modes of (UO2)2+ are not observed in the Raman spectrum but may be 
readily observed in the infrared spectrum at 898 cm-1.  The ν3 antisymmetric 
stretching mode of (CO3)2- is observed in the Raman spectrum at 1369 cm-1 as a low 
intensity band as is also the ν3 (CO3)2- infrared modes at 1362, 1425, 1509 and 1566 
cm-1. No ν2 (CO3)2- Raman bending modes are observed for voglite. The Raman band 
at 749 cm-1 and the two infrared bands at 747 and 709 cm-1 are assigned to the ν4 
(CO3)2- bending modes.  U-O bond and O-H…O bond lengths in the structure of 
voglite were inferred from the infrared and Raman spectra.  
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Introduction 
 
The study of the uranyl carbonates has been undertaken for an extended period 
of time 1,2.There are a significant number of compounds containing the uranyl ion 3.  
Included in these are many uranyl carbonates. 4-6 These uranyl carbonates may be 
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divided into those based upon tricarbonates and those with single carbonate in the 
formula such as rutherfordine UO2CO3 7-9 and blatonite UO2CO3.H2O. 10  Sharpite is a 
basic uranyl carbonate Ca(UO2)6(CO3)5(OH)4.6H2O. 11,12  Among the tricarbonates 
minerals is the mineral andersonite Na2Ca(UO2)(CO3)3.xH2O  13-15 where x is variable 
but may be a number between 5 and 6.  Among the uranyl carbonates is the mineral 
voglite a copper containing uranyl carbonate with a formula of some uncertainty. 5,16  
Voglite is a uranyl carbonate of formula Ca2Cu2+[(UO2)(CO3)3](CO3).6H2O and is a 
rare mineral resulting from the oxidation of uraninite. 5,17-20  The mineral is 
monoclinic, probable space group P21 or P21/m 21.  The mineral is composed of 
tabular to scalar crystals in parallel stacked aggregates. 
 
Among the analytical techniques suitable for the study and analysis of uranyl 
containing minerals are the vibrational spectroscopic techniques of infrared and 
Raman spectroscopy. These techniques serve to find information about the molecular 
structure of minerals which is not obtained through X-ray diffraction techniques such 
as single crystal or powder X-ray diffraction. In particular no information using XRD 
techniques on the structure of hydroxyl groups may be obtained.  Further vibrational 
spectroscopy determines parameters at the chemical bond level as opposed to the 
lattice or unit cell parameters. Often infrared spectroscopy has been applied to the 
study of the uranyl carbonates 2,13,14,22,23 and yet very little work based upon Raman 
spectroscopy has been forthcoming .  
 
One of the difficulties in studying the infrared (and Raman) spectra of uranyl 
carbonates is the potential overlap of bands associated with (UO2)2+ and the (CO3)2- 
units.  The region for the ν1 symmetric stretching vibration of the (CO3)2- units in the 
1050 to 1100 cm-1 region is a spectral window free from bands ascribed to the 
(UO2)2+ units.  One potential overlap is between the ν3 antisymmetric stretching 
vibrations of the (CO3)2- units and the δ water modes in the 1450 to 1600 cm-1 region.  
Another major difficulty is the possible overlap of the ν1 symmetric stretching modes 
of the (UO2)2+ units and the ν2 and ν4 bending modes of the (CO3)2- units in the 700 to 
900 cm-1 range.  There is another consideration caused by the presence or absence of 
water in the structure.  The presence of water may cause significant shifts in the bands 
associated with both (UO2)2+ units and (CO3)2- units.   
   
Raman spectroscopy has proven very useful for the study of minerals. 24-39 
Raman spectroscopy has proven most useful for the study of diagentically related 
minerals as often occurs with carbonate minerals. 30-32,34-37  No detailed Raman 
spectroscopic studies of the uranyl mineral voglite has been forth coming.  Few 
Raman studies of any note are available. 40,41  Some infrared data has been published. 
5,18,42,43  The aim of this paper is to present Raman and infrared spectra of voglite and 
to relate the spectra to the structure of the mineral.   The paper is a part of systematic 
studies of vibrational spectra of uranyl minerals of secondary origin in the oxide 
supergene zone and their synthetic analogs. 24-38        
 
Experimental 
Minerals 
 
The voglite mineral was obtained from the Mineralogical Research Company 
and originated from The White canyon No. 1 Mine, Frey Point, San Juan Co., Utah, 
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USA.  A sample of voglite was also obtained from the old Rum Jungle Mine, 
Northern Territory, Australia. The mineral sample was also obtained from The Elias 
Mine, Jáchymov (St Joachimsthal), Ostrov, Krušné Hory Mts (Erzgebirge), Karlovy 
Vary Region, Bohemia (Böhmen; Boehmen), Czech Republic.  The samples were 
phase analysed by X-ray diffraction and for chemical composition by EDX 
measurements. The chemical composition of this mineral has been published (page 
739) 44.  The mineral corresponds to the formula Ca2Cu2+[(UO2)(CO3)3](CO3).6H2O. 
 
Raman microprobe spectroscopy 
 
The crystals of voglite  were placed and oriented on the stage of an Olympus 
BHSM microscope, equipped with 10x and 50x objectives and part of a Renishaw 
1000 Raman microscope system, which also includes a monochromator, a filter 
system and a Charge Coupled Device (CCD). Raman spectra were excited by a HeNe 
laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. Details of the technique have been published by the authors 24-31,33-
38,45-48. 
 
Mid-IR spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s.  
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
‘Peakfit’ software package which enabled the type of fitting function to be selected 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 
done using a Lorentz-Gauss cross-product function with the minimum number of 
component bands used for the fitting process. The Gauss-Lorentz ratio was 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 
results were obtained with squared correlations of r2 greater than 0.995.  
 
Results and discussion 
 
Spectroscopy of uranyl cation 
 
Lowering of the symmetry of the uranyl ion will cause splitting of the bands in 
both the Raman and infrared spectra. The D∞h symmetry of the free uranyl, (UO2)2+, 
and C3v symmetry of the (CO3)2- groups lowering causes infrared and Raman 
activation of all (UO2)2+ and (CO3)2- vibrations and splitting of doubly and triply 
degenerate vibrations in the spectra. Two symmetrically distinct uranyl groups and 
only one symmetrically distinct carbonate group are present in the crystal structure of 
voglite. 21 According to Hawthorne 49-51 from the general point of view, and the 
conclusions by Burns, hydrogen bonding is of fundamental importance to the stability 
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of the structure of uranyl containing minerals. A free uranyl, (UO2)2+, should exhibit 
three fundamental modes: symmetric stretching vibration ν1, Σg+ (R), bending 
vibration ν2 (δ), Πu (IR), and asymmetric stretching vibration ν3, Σu+ (IR). These 
vibrations exhibit approximately in the regions 900-750, 300-200 and 1000-850 cm-1, 
respectively.  
 
Spectroscopy of carbonate anion 
 
The free ion, CO32- with D3h symmetry exhibits four normal vibrational modes; a 
symmetric stretching vibration (ν1), an out-of-plane bend (ν2), a doubly degenerate 
asymmetric stretch (ν3) and another doubly degenerate bending mode (ν4). The 
symmetries of these modes are A1´ (R) + A2´´ (IR) + E´ (R, IR) + E´´ (R, IR) and 
occur at 1063, 879, 1415 and 680 cm-1 respectively. Generally, strong Raman modes 
appear around 1100 cm-1 due to the symmetric stretching vibration (ν1), of the 
carbonate groups, while intense IR and weak Raman peaks near 1400 cm-1 are due to 
the asymmetric stretch (ν3). Infrared modes near 800 cm-1 are derived from the out-of-
plane bend (ν2). Infrared and Raman modes around 700 cm-1 region are due to the in-
plane bending mode (ν4). This mode is doubly degenerate for undistorted CO32- 
groups. As the carbonate groups become distorted from regular planar symmetry, this 
mode splits into two components. Infrared and Raman spectroscopy provide sensitive 
test for structural distortion 
 
Vibrational spectroscopy 
 
 The Raman spectrum of voglite in the 100 to 1500 cm-1 region is shown in 
Figure 1.  A very intense sharp band at 836 cm-1 is assigned to the ν1 (UO2)2+ 
symmetric stretching vibration.  In the infrared spectrum a sharp band of low intensity 
occurs at 836 cm-1. This band is the infrared forbidden symmetric stretching vibration 
for D∞h uranyl symmetry, however, may be activated through symmetry lowering. In 
the infrared spectrum an intense band at 898 cm-1 is observed and is ascribed to the 
(UO2)2+ ν3 symmetric stretching vibration. The band is not observed in the Raman 
spectrum. In the published infrared spectra, an infrared band at 903-904 cm-1 was 
reported as a broad band with obvious overlapping bands in the spectral profile 5,52.  
Empirical relations 53 enable to calculate U-O bond lengths in uranyls from the 
observed wavenumbers and bands attributed to the ν1 and ν3 (UO2)2+ stretching 
vibrations. The results are 1.775 Å (Raman 836 cm-1) and 1.786 Å (IR 898 cm-1), 
which are comparable with 1.782 Å (IR 903 cm-1 ) [5] and 1.782 Å (IR 904 cm-1) 
[45]. They are in agreement with the Burns’ values 54-58 for uranyl hexagonal 
dipyramidal polyhedra. The [(UO2)(CO3)3] clusters are assumed to be present in the 
crystal structure of voglite. 
 
 
 The Raman band at 1094 cm-1 is attributed to the ν1 (CO3)2- symmetric 
stretching vibration (Figure 1).  In the infrared spectrum a band of low intensity at 
1080 cm-1 is observed and a broad band centred upon 1034 cm-1 is found.   The band 
at 1080 cm-1 is probably the infrared band equivalent to the 1094 cm-1 Raman band.   
A single Raman band at 1369 cm-1 is assigned to the (CO3)2- ν3 asymmetric stretching 
vibration.  The patterns around this spectral region are more complex with a number 
of overlapping infrared bands. The two infrared bands at 1362 and 1425 cm-1 are 
assigned to the (CO3)2- ν3 asymmetric stretching vibration.  In the published 
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transmission infrared spectrum of voglite a band at 1429 cm-1 was observed 5,52. No 
assignment of the band was provided. The infrared band at 1624  
cm-1 is attributed to the HOH bending mode.  In the published spectrum of voglite a 
band as a shoulder in the spectrum is observed 5,52 as is the case in Figure 2.  
 
 
The infrared bands at 1362, 1425, 1509 and 1566 cm-1 are assigned to the 
(CO3)2- ν3 asymmetric stretching vibration (Figure 2).  In the published transmission 
infrared spectrum of voglite bands at 1429, 1515 and 1563 cm-1 were observed 5,52. In 
the published spectrum of voglite a band as a shoulder in the spectrum is observed 5,52 
as is the case in Figure 2. The doubly degenerate ν3 (CO3)2- asymmetric stretching 
vibration split into two bands. The number of bands shows that structurally different 
carbonate groups are present in the crystal structure of voglite. One of the causes may 
be that beside tricarbonate groups bonded in the [(UO2)(CO3)3] cluster the fourth 
carbonate group remains outside this cluster. The splitting of the bands proves the fact 
that bidentately bonded carbonate groups are present especially in the uranyl 
tricarbonate cluster.    
 
 In the Raman spectrum of voglite a band at 749 cm-1 is observed and is 
assigned to the ν4 (CO3)2- bending mode. No ν2 (CO3)2- bands expected at around 840 
cm-1 are observed in the Raman spectrum. The band is expected to be of low intensity 
and may be obscured by the 836 cm-1 band attributed to the ν1 (UO2)2+ symmetric 
stretching vibration.  If the band at 836 cm-1 is given a different interpretation i.e. is 
not due to the infrared activated ν1 symmetric stretching mode of the (UO2)2+ units, 
then the band could also be assigned to the ν2 (CO3)2- bending mode.  An infrared 
transmission band at 838 cm-1 was reported by Urbanec and Čejka 5 and republished 
by Čejka 16.  The Raman spectrum (Figure 1) of the low wavenumber region shows 
bands at 148, 223 and 261 cm-1.  The bands at 261 and 223 cm-1 are assigned to the ν2 
bending modes of the (UO2)2+ units.  Čejka based upon farIR spectra suggested that 
the ν2 bending modes occurred at 286 or 316 or 280 cm-1 59.  One of the advantages of 
Raman spectroscopy is the ability to obtain spectral data in the low wavenumber 
region.  Čejka suggested that a possible coincidence of ν2 δ (UO2)2+  and UO ligand 
vibrations 59.  The band at 148 cm-1 may be assigned to the latter vibrational mode.  
 
 In the infrared spectrum of voglite, a number of overlapping bands at 2937, 
3239, 3435 and 3558 cm-1 are observed (Figure 4). These bands are attributed to the 
νOH stretching vibrations of water in the voglite structure. The sharp band at around 
2937 cm-1 may be probably due to a carbonate overtone/combination band or “-CH-“ 
impurities. The IR and NIR spectroscopy of carbonate minerals is renowned for 
combination modes.  In the infrared spectrum of voglite as shown in Figure 32 
spectrum 5 of reference to Čejka in Reviews of Mineralogy Volume 38 a broad 
asymmetric transmission band centred upon 3411 cm-1 was shown 16.  Although not 
obvious in the spectrum a band at 2595 cm-1 was proposed. According to Libowitzky 
60 hydrogen bonds O-H…O present in the crystal structure of voglite, vary 
approximately in the range 2.72 - > 3.0 Å. 
 
Conclusions  
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(a) The Raman spectrum of voglite shows an intense band at 836 cm-1 assigned to the 
ν1 symmetric stretching mode of (UO2)2+ units. In the infrared spectrum an intense 
band at 898 cm-1 is attributed to the ν3 antisymmetric stretching mode of the 
(UO2)2+ units. The ν2 (δ) bending modes of (UO2)2+ units are found at 223 and 
261 cm-1.  
(b) The band at 1094 cm-1 is assigned to the ν1 (CO3)2- symmetric stretching 
vibrations and the band at 1369 cm-1 is assigned to the ν3 antisymmetric stretching 
mode of (CO3)2- units. The ν4 (CO3)2- bending modes is found at 749 cm-1. No ν2 
(CO3)2- bending modes are observed in the Raman spectrum of voglite, but this 
may be due to the overlap of this band with the band at 836 cm-1 attributed to the 
ν1 (UO2)2+ symmetric stretching vibration. Infrared bands at 1362, 1425, 1509 and 
1566 cm-1 are attributed to the split doubly degenerate ν3 (CO3)2- antisymmetric 
stretching vibrations the number of which proves that structurally different 
(distinct) carbonate groups may be present in the crystal structure of voglite. 
However, uranyl tricarbonate cluster  containing bidentate carbonate groups is 
present in the crystal structure of voglite. 
(c) Infrared bands at 3239, 3435 and 3558 cm-1 are assigned to the νOH of water 
stretching vibrations. Some hydrogen bonds are present in the voglite structure.    
(d) A mineral such as voglite often forms as a crust on a host matrix along with    
numerous paragenetically related phases. To undertake an XRD pattern of such 
material the surface mineral coating must be removed, collected and analysed. 
The XRD pattern will reveal the summation of patterns of all the phases present 
on the host matrix. Such a technique is not suitable for amorphous or non-
diffracting phases and also offers no information on the presence or absence of 
hydroxyl groups.  The application of Raman spectroscopy enables individual 
crystals of minerals on the host rock to be obtained.  The analysis is carried in situ 
and no destruction of the mineral occurs.  Raman spectroscopy lends itself for the 
analysis of uranyl secondary minerals such as voglite. 
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List of Figures 
 
Figure 1 Raman spectrum of voglite in the 100 to 1500 cm-1 region. 
 
Figure 2 Infrared spectrum of voglite in the 500 to 1900 cm-1 region. 
 
Figure 3 Raman spectrum of voglite in the 2500 to 4000 cm-1 region. 
 
Figure 4 Infrared spectrum of voglite in the 2600 to 3700 cm-1 region. 
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